The nucleotide sequence of the bovine ephemeral fever virus (BEFV) genome has been determined from the 3 
Introduction
Bovine ephemeral fever virus (BEFV) is an arthropodborne rhabdovirus which has been classified as the type species of the new genus Ephemerovirus (Wunner et al., 1994) . The virus has the structural characteristics of a rhabdovirus with bullet-or cone-shaped morphology (Murphy et al., 1972) , a 42S ssRNA genome (DellaPorta & Brown, 1979) , a lipid envelope and five virion proteins: L (with an M r of 180K), G (81K), N (52K), M 1 (43K) and M2 (29K) (Walker et al., 1991) . The G protein is a transmembrane glycoprotein which presents typespecific, neutralizing antigenic sites (Cybinski et al., 1990) and induces a protective immune response in cattle (Uren et al., 1993) . The nucleoprotein (N) is phosphorylated and remains associated with nucleocapsids after detergent disruption of virions in high concentrations of salt but is released by treatment with RNase A (Walker The nucleotide sequence data reported in this paper have been deposited with the EMBL and GenBank data libraries under accession number U04166. et al., 1991; Riding et al., 1993) . As for other rhabdoviruses, the N protein appears to be a major groupreactive antigen, sharing antigenic sites with the related rhabdoviruses Berrimah and Kimberley (Cybinski et al., 1990) .
We have reported recently that, in addition to the virion G protein, BEFV encodes a second glycoprotein (G~s) that has been detected only in infected cells (Walker et al., 1991) . The function of this glycoprotein is presently unknown but it is related in structure and amino acid sequence to the virion G protein and is encoded by a gene located immediately downstream of the G gene (Walker et al., 1992) . A similar arrangement of glycoprotein genes occurs in the related Adelaide River virus (ARV), suggesting that each has evolved from a common ancestral rhabdovirus in which there was a duplication of glycoprotein genes ). An analysis of amino acid sequence relationships of the BEFV and ARV G and GNs proteins has indicated that, despite reported serological links to rabies virus (Calisher et al., 1989) , both glycoproteins are more closely related to the virion G proteins of sigma virus and vesicular stomatitis virus (VSV) serotypes.
In this paper we report the cloning, sequencing and expression in Escherichia coli of the BEFV N protein gene. An analysis of amino acid sequence relationships with other rhabdovirus N proteins reinforces the view that BEFV is more closely related to vesiculoviruses than to rabies virus. However, antigenic analyses also demonstrate direct links with rabies virus, suggesting that reported serological cross-reactions between BEFVrelated viruses and lyssaviruses are determined by conserved structural elements that do not reflect the overall relationship of the viruses.
Methods
Virus and cells. The BB7721 strain of BEFV was isolated in 1968 from a cow with clinical bovine ephemeral fever (Doherty et al., 1969) . The passage history of the virus, procedures for preparation of defective interfering (DI) particle-depleted virus stocks and growth of the virus in BHK-21 cells have been described previously (Walker et al., 1991 (Walker et al., , 1992 .
Antisera andmonoclonal antibodies. Polyclonal mouse ascitic fluids to rabies, Mokola, Lagos bat, Duvenhage, Kotonkan, Obodhiang and Kolongo viruses were kindly supplied by Dr C. H. Calisher, Centers for Disease Control, Fort Collins, Colo., U.S.A. Polyclonal mouse ascitic fluids to BEFV, ARV, Ngaingan, Charleville, Fukuoka, bluetongue and Akabane viruses were supplied by Dr T. D. St George, CSIRO, Indooroopilly, Australia. BEFV N protein monoclonal antibodies were supplied by Ms D. H. Cybinski, CSIRO, Indooroopilly, Australia and have been described previously (Cybinski & St George, 1993) .
Viral mRNA purification. For preparation of mRNA, BHK-21 cells were infected at an m.o.i, of 10 p.f.u./cell with DI particle-depleted virus. At 9 h post-infection the cultures were treated with 0.3 ~tg/ml actinomycin D and at 15 h the cells were harvested for RNA extraction as described by Walker et al. (1992) . Poly(A)-positive RNA was purified from total cytoplasmic RNA by oligo(dT)-cellulose chromatography as described by Sambrook et al. (1989) .
cDNA cloning and nucleotide sequence analysis, cDNA synthesis was conducted using the cDNA Synthesis System Plus kit (Amersham) according to the manufacturer's modification of the method of Gubler & Hoffman (1983) . First-strand synthesis from total cytoplasmic RNA was initiated by using an oligo(dT)l 8 primer (Amersham). Doublestranded cDNA was filled by using T4 DNA polymerase to obtain blunt ends and cloned into the Sinai site of pUC18. Several clones containing inserts were selected for nucleotide sequence analysis using T7 DNA polymerase (Sequenase version 2.0, USB) as described by Walker et al. (1992) . Clone m88 contained terminal open reading frames (ORFs) with deduced amino acid sequences that aligned significantly with corresponding sequences of other rhabdovirus N proteins. The complete sequence of clone m88 was determined on both DNA strands using the Erase-a-Base kit (Promega) to obtain overlapping subclones by progressive unidirectional deletion with exonuclease III. The sequence indicated that m88 was an almost fulllength clone of the BEFV N mRNA, which terminated just downstream of the N protein initiation codon.
To complete the 5'-terminal sequence of the N mRNA, direct RNA sequencing was conducted on poly(A)-positive RNA prepared from BEFV-infected cells using a synthetic oligonucleotide primer, WYH. 3 (5' CCTTGTGGCACTCTCAATGTAGGC 3'), complementary to a sequence located 98 nucleotides from the 5' end of the m88 insert. RNA sequencing was conducted using the hot primer method of Geliebter et al. (1986) . Briefly, 5 ng of synthetic oligonucleotide primer was radiolabelled at 37 °C for 30 min with [y-~2P]ATP and T4 polynucleotide kinase and annealed at 68 °C for 45 min to 10 gg of poly(A)-positive RNA prepared from BEFV-infected cells. Dideoxynucleotide sequencing reactions were conducted at 50 °C for 45 rain in 12 mMTris-HC1 pH 8-3, 8 mM-MgClz, 4 mM-dithiothreitol, 0-2 mM-dATP, 0-2 mM-dCTP, 0.2 mM-dTTP, 0-4 mM-dGTP, 50 pg/ml actinomycin D, 5 units of avian myeloblastosis virus (AMV) reverse transcriptase (USB) and either 0.15 mM-ddATP, 0.15 mM-ddCTP, 0.15 mM-ddGTP or 0.3 mM-ddTTP. The sequence was analysed on 5 % acrylamide-urea gels.
The 3'-terminal sequence of viral genomic RNA was determined from the positive-sense antigenome using a modified anchor PCR method (Dumas et al., 1991) employing the complementary oligonucleotides 156 (5' TATGAGTATTTCTTCCAGGGTA 3') and 2668 (5' TACCCTGGAAGAAATACTCATA 3') provided by Dr C.M. Elvin, CSIRO, Australia. BEFV eDNA was prepared from total cytoplasmic RNA at 50 °C for 45 rain using the y-3~P-labelled primer WHY. 3 and AMV reverse transcriptase, hydrolysed and precipitated as described by Barabino et al. (1992) . The primer extension products were resolved in 6 % polyacrylamide sequencing gels and the full-length a~P-labelled product terminating at the 5' end of the antigenome was excised. The eDNA was eluted at 37 °C overnight in 300 gl of elution buffer F (RPAII kit; Ambion), precipitated and dried. It was then ligated to oligonucleotide 156, which had been treated with ddATP and terminal transferase (Promega) to add dideoxyadenosine to the 3' terminus and 5'-phosphorylated using T4 polynucleotide kinase (Promega). The ligation reaction was conducted at 22 °C overnight with 95 units of T4 RNA ligase (Pharmacia) in DNA ligase buffer (Promega) containing 100 pg/ml BSA and 25% polyethylene glycol (Promega). The modified eDNA was then amplified by PCR with oligonucleotides 2668 and WYH.3 and purified in low gelling temperature agarose (BRL) as described previously (Walker et al., 1992) before being ligated into the cloning site of the pGEM-T vector (Promega) and sequenced as described above.
Sequence alignments and analysis of sequence homologies. Nucleotide sequence alignments, identification of ORFs and translation and analysis of protein sequences were conducted using IBI MacVector version 3.5 software. Dot matrix protein similarity plots were generated by the method of Pustell & Kafatos (1984) with the pam250 scoring matrix of Dayhoff et al. (1978) . More complex sequence alignments were conducted using the ANGIS computing facility at the University of Sydney, Australia. Multiple protein sequence alignments were determined using the Clustal V software package (Higgins & Sharp, 1989) .
Expression of glutathione-S-transferase ( GST) fusion proteins. Clone pUC18.m88 plasmid DNA was partially digested with EeoRI and BamHI to obtain a nearly full-length clone of the N mRNA and fragments derived from the 5' and 3" ends of the mRNA due to cleavage at an internal EcoRl site. The 1334 bp nearly full-length insert and the 565 bp 5' fragment were each subctoned into the BamHI-EeoRI site of the pGEX-3X expression vector to obtain clones pGEX-3, m88.3 and pGEX-3, m88.1 respectively. The 769 bp 3' fragment was subcloned into the EcoRI site of pGEX-1 to obtain clone pGEX-1 .m88.15. The selected subclones were sequenced using pGEX forward and reverse sequencing primers to ensure that the inserts were cloned in the correct orientation and reading frame for expression as GST fusion proteins.
Expression of GST fusion proteins was induced using isopropy1,6-0-thiogalactopyranoside (IPTG) essentially as described by Smith & Johnson (1988) . After inoculation, 5 ml bacterial cultures were shaken vigorously at 37 °C until the OD at 600 nm reached 0.6 to 1.0, treated with 0-2 mM-IPTG and then shaken for a further 3 h at 37 °C. Insoluble inclusion bodies were prepared essentially as described by Marston et al. (1984) . The cells were collected by centrifugation at 5000g for 10 min, resuspended in lysis buffer (50 mM-Tris HCI pH 8-0, 50 mMNaC1, 1 mN-EDTA, 1 mM-dithiothreitol and I mM-PMSF) and disrupted by sonication. The lysate was centrifuged at 12000g for 5 rain at 4 °C. The soluble fraction was retained for analysis. The pellet containing insoluble inclusion bodies was treated with 0-5% (v/v) Triton X-100 in lysis buffer at room temperature for 5 rain, pelleted as above and resuspended in electrophoresis sample buffer (Laemmli, 1970) .
SDS-PAGE and immunoblot analysis.
SDS~PAGE and protein immunoblotting were conducted as described previously (Walker et al., 1991) .
Results

3"-terminal sequence of the BEFV genome
The 50 nucleotide Y-terminal leader sequence of BEFV genomic RNA is shown as positive-sense DNA in Fig. 1 . An alignment of the negative-sense RNA leader sequence with those of vesiculoviruses and lyssaviruses indicated that the leader sequences comprised a conserved terminal domain, a variable domain downstream and a purinerich sequence preceding the N gene transcription start sequence (Fig. 2 ). In the conserved 3'-terminal domain, 15 of the 18 terminal nucleotides were shared with Piry virus, 14 with Chandipura and Cocal viruses, 13 with VSV Indiana and 12 with VSV New Jersey. The terminal four nucleotides (Y-UGCU-) and the set of five uridine residues at positions 1, 4, 7, 10 and 13 were absolutely conserved in all the vesiculoviruses. The terminal three nucleotides also occur in the genome of rabies virus but the overall terminal sequence conservation between BEFV and rabies virus was lower (10 of 18 nucleotides) than for vesiculoviruses. However, a second U-rich domain similar to that of the BEFV leader does occur in the rabies virus leader sequence at nucleotides 19 to 30 (Fig. 2) .
Nucleotide sequence and deduced amino acid sequence of the BEFV N gene
The complete nucleotide sequence of the BEFV N gene is shown as positive-sense DNA in Fig. 1 (Nichol & Holland, 1987; Tordo et al., 1986a) . Nucleotides shared with BEFV in the highly conserved 18 terminal nucleotides are shown (Q). A nridine-rich domain in the rabies virus leader sequence is marked with a broken line. The conserved sequences at the N gene transcription start site are underlined.
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7: Rabies virus 5  50  100  150  200  250  300  350  400  450 Residue number Fig. 3 . Hydropathy plots of the BEFV, VSV New Jersey serotype and rabies virus (PV strain) N proteins. The hydropathy indices were determined by the method of Kyte & Doolittle (1982) using a window of seven amino acids in which scores are assigned using a combination of water vapour transfer free energies for amino acid side-chains and the preference for interior or exterior environments.
transcription termination sequence. The transcription termination sequence was confirmed as CATG(A)7 by nucleotide sequence analysis of cDNA clones prepared from genomic RNA (data not shown). The sequence contains a single long ORF of 1293 nucleotides and relatively short 3' and 5' non-coding regions of 16 and three nucleotides respectively, excluding consensus and polyadenylation sequences. The deduced sequence of the N protein comprises 431 amino acids with a calculated pI of 5.4 and an M r of 49159. The M r is similar to that calculated for the phosphorylated nucleoprotein (52K) identified in virions and BEFV-infected cells (Walker et al., 1991) . The N protein sequence is primarily hydrophilic ( Fig. 3 ) and rich in charged residues, containing 14.6 % acidic (aspartic and glutamic acids) and 14"4% basic (lysine, arginine and histidine) amino acids. The basic residues are distributed relatively evenly throughout the molecule, other than a central region of 52 amino acids (residues 232 to 283) that contains only a single lysine. The acidic residues are less evenly distributed, with significant clustering in the C-terminal domain in which a highly hydrophilic region of 27 amino acids (residues 350 to 376) contains 17 acidic and three basic residues. Similar hydrophilic domains are present near the C termini of the VSV and rabies virus N proteins (Fig. 3) but the clustering of acidic residues is less evident. In BEFV, this region also contains three potential phosphorylation sites (Ser-349, Ser-362 and Set-371), all of which appear to be optimal substrates for casein kinase II (CK II), having two acidic residues in the + 1 to + 3 positions following the serine phosphoacceptor (Barik & Bannerjee, 1992) . The N protein sequence has 11 other potential CK I or CK II phosphoacceptor sites but none is followed by multiple acidic residues. 
Amino acid sequence homologies with rhabdovirus N proteins
The BEFV N protein was compared in pairwise dot matrix sequence alignments with all available rhabdovirus N protein sequences by using the pam250 scoring matrix to align consecutive regions of 25 amino acids, accepting a minimum score of 20% homology. A selection of dot matrix plots is shown in Fig. 4 . Extensive regions of collinear alignment were detected with the N proteins of all available vesiculoviruses (VSV Indiana, VSV New Jersey, Piry and Chandipura) and lyssaviruses (rabies, Mokola, Lagos bat, Duvenhage and European bat types 1 and 2). The alignments were most extensive in the central region of the proteins and appeared to be more extensive for vesiculoviruses than for lyssaviruses. By this analysis, no significant regions of collinear alignment were detected in comparisons of BEFV N with the N proteins of the fish rhabdoviruses, infectious haemorrhagic necrosis virus (IHNV) and viral haemorrhagic septicaemia virus. The plant rhabdovirus, sonchus yellow net virus (SYNV), displayed only a short region of collinear alignment in which amino acid sequence homology was relatively poor. A Clustal V multiple sequence alignment of the N proteins of VSV Indiana, BEFV and rabies virus (PV strain) is shown in Fig. 5 . The alignment illustrates that overall the BEFV N protein is most closely related to VSV N (28" 1% amino acid identity) and that rabies virus N shares a similar relationship to both BEFV N (17.6 % identity) and VSV N (17"6% identity). The closer relationship between BEFV and VSV was evident throughout the N protein but in general there was a higher sequence conservation in the central region. Five domains (RI to RV) were identified in which there was a high conservation of identical or functionally similar amino acids in all three viruses (Fig. 5) . Domain RI (BEFV residues 86 to 96) is a short region of 11 residues in which the sequence motif DWXS(F/Y)G(I/V)XI(G/ A)(R/K) is conserved. In this domain, BEFV and VSV share eight identical and 10 structurally similar residues; BEFV and rabies virus share five identical and nine structurally similar residues. In all three viruses, domain RII (BEFV residues 129 to 146) has a hydrophobic core of 10 to 11 residues bounded by charged amino acids. In this domain, the BEFV and VSV sequences are closely related, sharing 11 out of 18 identical and 16 out of 18 structurally similar residues, but the sequence identity between BEFV and rabies virus was much lower. Domain RIII (BEFV residues 183 to 229) is a longer sequence of 47 residues in which there is a moderate level of identity (36.2 to 42.6%) and a high structural similarity (70'2 %) between BEFV and both VSV and rabies virus. Secondary structure predictions by ChouFasman and Robson-Gamier methods both indicated that, in BEFV and VSV, this domain contains helical regions interrupted by a helix-breaking turn. However, no similar structure was predicted for this domain in rabies virus. Domain RIV (BEFV residues 263 to 289) corresponds to a region that has been reported to be highly conserved between lyssaviruses and vesiculoviruses (Bourhy et aI., 1993) and is also present in the nucleoproteins of paramyxoviruses, pneumoviruses and filoviruses (Masters & Banerjee, 1987; Barr et al., 1991; Sanchez et al., 1992) . In this domain, there was 66.7% strict conservation of residues between BEFV and VSV and 48.1% identity between BEFV and rabies virus. The sequence G(L/I)SXKSPYSS was conserved in all three viruses and an analysis of other available rhabdovirus N protein sequences indicated that this general motif is highly conserved in vesiculoviruses and lyssaviruses, but not in the fish or plant rhabdoviruses. In domain RV (BEFV residues 416 to 427), located near the C terminus, all residues except one are strictly conserved between BEFV and either VSV or rabies virus, but only one residue (Arg-419) occurs in all three viruses. Pairwise Clustal V sequence alignments between the BEFV N protein and all other available rhabdovirus N protein sequences (data not shown) confirmed that, in both overall sequence identity and in the structure of conserved domains, BEFV was more closely related to vesiculoviruses than to lyssaviruses.
Expression of GST fusion proteins in E. coli
Portions of the BEFV N gene were subcloned into pGEX vectors and expression of GST fusion proteins was induced by treatment with IPTG. Clone m88.3 contained a 1334 bp insert comprising a 1301 bp nearly full-length clone of the N gene, a 3'-terminal 18 nucleotide poly(A) tract and flanking sequences derived from the multiple cloning site ofpUC18. Clones m88.1 (565 bp insert) and m88.15 (769 bp insert) contained 559 bp N-terminal and 742 bp C-terminal fragments of the N gene and flanking sequences respectively. All three clones expressed fusion proteins in abundant quantities, which were associated primarily with insoluble inclusion bodies (Fig. 6 ). Clone m88.3 expressed a major product of approximately 74K comprising the 26K GST protein linked to an N protein fragment that was two amino acids short of full length, commencing at residue Cys-3. Smaller proteins, which appeared to be abortive translation products, were also expressed at lower levels. The 74K product was soluble in 2% SDS and in 8 M-urea and could be partially purified by size exclusion FPLC (data not shown). Clone m88.1 expressed a fusion protein of approximately 45K which contained a 186 amino acid fragment (M r of 21285) derived from the N terminus of the BEFV N protein, commencing at residue Cys-3 and terminating at Phe-189. The 45K product was insoluble in low salt but soluble in SDS and urea. Clone m88.15 expressed a major product of approximately 54K, comprising a 245 amino acid C-terminal fragment (M r of 27 598) of the N protein (from residue Ser-187) linked to GST. Smaller products representing abortive translation products were also expressed. The fusion protein was partially soluble in low salt. The fusion protein in the soluble fraction could be purified by glutathione-agarose affinity chromatography. The fusion protein in the insoluble fraction was soluble in 8 M-urea and could be partially purified by size exclusion FPLC (data not shown).
Serological reactions
BEFV N-GST fusion proteins expressed by clones m88.3 (nearly full-length N protein), m88.1 (N-terminal fragment) and m88.15 (C-terminal fragment), BEFV N protein purified from virions and baculovirus-expressed recombinant rabies virus N protein were each separated by electrophoresis under reducing conditions and reacted in immunoblots with a panel of 12 BEFV N proteinspecific monoclonal antibodies. As illustrated in Fig. 7 for monoclonal antibody 11A3, all antibodies reacted with the BEFV virion N protein, the nearly full-length N-GST fusion protein and the C-terminal fragment of BEFV N, but not the N-terminal fragment. This indicated that all of the epitopes were linear and located on the C-terminal side of residue Ser-187. Two BEFV N protein-specific monoclonal antibodies (2D5 and 4B4) also reacted with baculovirus-expressed rabies virus N protein (Fig. 8) . To confirm direct serological reactions between BEFV and rabies virus, the BEFV virion N protein and the baculovirus-expressed rabies virus N protein were also reacted in immunoblots with a collection of polyclonal mouse ascitic fluids raised against BEFV, rabies virus, several other rhabdoviruses, bluetongue virus (Reoviridae) and Akabane virus (Bunyaviridae 
Discussion
This paper describes the sequence of the 3'-terminal 1378 nucleotides of the BEFV genome including the 3' leader sequence and the N gene. In rhabdoviruses, the N protein is a structural component which has multiple functions in nucleocapsid assembly and in the regulation of transcription and replication. The N protein is an essential component of the transcription-replication complex, forming an active template for the RNA polymerase when bound to the genomic RNA. During replication of VSV, the N protein binds nascent negativesense genome and positive-sense anti-genome RNA, encapsidating it and rendering it nuclease-resistant (Soria et al., 1974) . According to the favoured model for VSV replication, the binding of the N protein to nascent RNA modulates the switch from transcription to replication by blocking polymerase termination at the 5' end of the leader RNA template (Blumberg et al., 1981) . Comparison of the sequences of several vesiculoviruses (Georgi et al., 1983; Nichol & Holland, 1987) and reconstitution experiments using synthetic RNAs in vitro (Moyer et al., 1991 ; Smallwood & Moyer, 1993) and in vivo (Pattniak et al., 1992) have indicated that the complementary 10 to 19 nucleotides at the 3' and 5' termini of genomic RNA contain the N-binding and polymerase promoter sites. In this region, the terminal four nucleotides (3'-UGCU-) and a set of five uridine residues positioned at every third base from the 3' end are strictly conserved. These structural features are also present at the 3' end of the BEFV genome (Fig. 2) , indicating that similar assembly and polymerase recognition signals are employed. Significantly, the 3'-terminal three nucleotides, which have been shown to be essential for VSV polymerase function (Pattniak et al., 1992; Smallwood & Moyer, 1993 ) also occur in the genomes of rabies virus, spring viraemia of carp virus and ARV (Roy et al., 1984; Tordo et al., 1986a ; J. A. Cowley & P. J. Walker, unpublished results). Georgi et al. (1983) have proposed that, during transcription, vesiculovirus positive-sense leader RNA terminates at the consensus sequence 3'-(Y)3 6NUTGAAA where Y represents pyrimidines and N is either U or G. We detected no corresponding sequence in the BEFV genome upstream of the N gene but a pyrimidine-rich domain followed by the sequence AAA was present at the end of the 50 nucleotide leader region. No similar sequence has been reported in the rabies virus 3' leader RNA (Tordo et al., 1986a) . However, transcription of all rhabdovirus N genes appears to initiate at the sequence 3' UUGUand it is possible that this sequence may also signal transcription termination of the preceding leader RNA. In overall amino acid sequence, the BEFV N protein was found to be more closely related to VSV N (28.1% identity) than to rabies virus N (17.6 %). As previously observed in comparisons of lyssavirus and vesiculovirus N proteins, the highest sequence conservation occurred in the central region of the molecule (Fig. 5) , which has been suggested to be the site of N-RNA interaction (Thomas et al., 1985; Tordo et al., 1986b; Crysler et al., 1990; Bourhy et al., 1993) . In particular, the motif G(L/I)SXKSPYSS is conserved in all sequenced members of the Vesiculovirus, Lyssavirus and Ephemerovirus genera (including ARV; Y. Wang & P. J. Walker, unpublished results) and would appear to have functional significance. The lowest sequence homology occurred in the relatively hydrophilic C-terminal region which, in rabies virus, includes an acidic domain containing the single site of N protein phosphorylation (residue Ser-389; Dietzschold et al., 1987) . A corresponding acidic domain also occurs near the C terminus of the BEFV N protein but is not present in the N proteins of VSV or other vesiculoviruses which are not phosphorylated. We have previously reported that BEFV N is a phosphoprotein (Walker et al., 1991) as are those of Mokola, Lagos bat, spring viraemia of carp, Kern Canyon and Flanders viruses (Sokol & Clark, 1973; Sokol et al., 1974; Boyd & Whitaker-Dowling, 1988) . In BEFV, the acidic domain provides three potential CK II phosphorylation sites, one of which, at residue Ser-371, aligns precisely with the known site in rabies virus N. The functional significance of N phosphorylation in rhabdoviruses is not known but it appears that, despite the overall higher homology with vesiculoviruses, BEFV shares a closer structural relationship to lyssaviruses in this domain.
We have also shown that all available BEFV N protein-specific monoclonal antibodies reacted with linear epitopes located in the C-terminal portion of the protein and that two of these cross-reacted with baculovirus-expressed rabies virus N protein. Polyclonal BEFV and rabies virus antisera also cross-reacted, as did antisera prepared from a number of BEFV-and rabies virus-related rhabdoviruses. Calisher et al. (1989) have reported extensive cross-reactions between rhabdoviruses by indirect immunofluorescence using polyclonal antisera and some of these have been confirmed with rabies virus N protein-specific monoclonal antibodies (A. King & M. Lafon, personal communication) . Three linear antigenic sites have been identified in the rabies virus N protein (Lafon & Wiktor, 1985) . Epitopes assigned to two of these sites have been mapped to loci in the C-terminal third of the protein at residues 374 to 383 (site NI) and 313 to 337 (site NIII) (Dietzschold et al., 1988) . Site NI overlaps with the acidic domain containing the rabies virus N phosphorylation site, which appears to share broad structural homology with the corresponding domain in BEFV N. The defined site of the NIII epitope is located adjacent to the motif G(L/I)SXKSPYSS (Fig.  5) , which is highly conserved in mammalian rhabdoviruses. At least two rabies virus site NIII-specific monoclonal antibodies are known to cross-react with ARV (A. King & M. Lafon, personal communication). It is not yet clear whether either of these sites corresponds to those detected in the BEFV N protein but further mapping studies using expressed fragments or pepscan analysis (Geysen et al., 1984) should define the crossreactive domain.
We have reported previously that the genome organization of both BEFV and ARV is more complex than that of other mammalian rhabdoviruses, containing two consecutive genes that encode the virion envelope glycoprotein, G, and a non-structural glycoprotein, G,~ s. These glycoproteins are related in sequence to each other and to the G proteins of other rhabdoviruses, sharing closest homology with those of vesiculoviruses and sigma virus (Walker et al., 1992; . We have also observed that the BEFV L protein is more closely related to those of vesiculoviruses than to that of rabies virus (J. Dhillon, C. Prehaud & P.J. Walker, unpublished results) and in this paper we show that, in overall amino acid sequence, this is also true of the BEFV N protein. In biological terms, the vesiculoviruses and ephemeroviruses also share a common mode of transmission, via replication in insect vectors. They also cause febrile infections that range in severity from unapparent to relatively mild and do not involve invasion of neuronal tissue. It appears that serological links between BEFV and lyssaviruses are at least partly determined by specific cross-reactive epitopes in the C-terminal portion of the N protein. Although these may have some functional significance, they do not appear to reflect the overall evolutionary or ecological relationships of the viruses. 
